Summary: A simple performance-based index was used to test performance among maize cropping systems referring to the food and raw material production, nutrient cycling and greenhouse gases regulation. Those indices are tools for aggregating and simplifying agroecosystem impact on the environment. The data were acquired from a long-term experiment at the Rimski Šančevi experimental station of the Institute of Field and Vegetable Crops, Novi Sad, Serbia. Observed indicators were compared by using datasets from 2001 to 2010, across five maize cropping systems. Maize continuous cropping resulted with decrease in the utilization of the agroecological potential compared with the fertilized crop rotation. Long term maize-based cropping resulted with differences in soil organic carbon content, soil pH and temporal soil NO3. However, recommended fertilizers application and crop rotation contributed to the overall agroecosystems ability to decrease the anthropogenic pressure. Accordingly, it was found that yield decrease resulted mostly from inability of the cropping systems to utilize agricultural management (tillage, fertilization, etc.) in variable environmental conditions. For the investigated trial the performance based index showed that a 2-year maize cropping had the highest capacity for sustainable maize growing.
Introduction
Maize is a cereal crop that is grown widely throughout the world in a wide range of agroecological conditions. In Serbia, maize is the largest crop, in both growth area and total productivity. Most of maize production in Serbia is rainfed with irregular rainfall and drought often reduces yield, particularly in the critical phases of maize development (Pejić et al. 2010) . Lack of precipitation and lower soil fertility (mainly deficiency of nitrogen and phosphorus) can significantly reduce the production potential of the crop. Therefore, maize breeding and seed production have intensively been developing for the last 100 years and has been focused on hybrids with the enhanced potential for resource utilization (Jocković et al. 2010 Ratar. Povrt. 52:3 (2015) [102] [103] [104] [105] [106] [107] Development and intensification of the agricultural production is necessary because of the food demand of the world's growing population, although the economic problems can impede projected growth. At the same time, there is a raising awareness of the negative consequences associated with the agricultural production. Of all human activities, agriculture alters the global environment to the greatest extent (CAST, 1994) , because it involves utilization of the different natural resources and a different processing technology. According to Bellarby et al. (2008) agriculture, forestry and other land use is estimated to be responsible for around 17 -31% of anthropogenic greenhouse gases (GHG) emissions, and there is a significant potential for reducing those emissions, largely through improved agricultural management. Hence, overall tendency is that agricultural GHG will continue to rise for the foreseeable future as agricultural production expands to provide food, feed, fibre and bioenergy. Diversification of agricultural landscapes and cropping systems offers one of the best and most accessible strategies for resolving the seemingly intractable tension between agricultural production and environmental quality (Liebman et al. 2013) .
original scientific paper/originalni naučni članak Maize cropping assessment by simple performance-based index A wider understanding of the agricultural context requires the study between agriculture, the global environment and social systems given that agricultural development results from the complex interaction of a multitude of factors (Altieri 2005) . Sustainability for agriculture implies food and fibre production with a mission: production which guarantees ecological stability, economic viability and socio-cultural permanence (Lal 1991) . It is almost impossible to measure sustainability directly and it is too difficult to define a concept and it operates over too long a time scale. What we can do is to identify measurable occurrence that, when put together, suggest how sustainable our cropping system might be with appropriate tools called indicators. Assessing the environmental sustainability of agricultural systems in a quantitative manner requires the identification and integration of diverse phenomena of "indicators" of environmental effects, in a framework consistent with the evolving concept of sustainability (Sands & Podmore 2000) . Agro-environmental indicators are main tools for evaluating the impact of agriculture to environment (Girardin et al. 1999) . A simple performance-based index was developed to determine the relative sustainability of agricultural management system within the context of multiple agroecosystem functions and to give users a simple measure to assess sustainability of agricultural practices (Liebig et al. 2001) . This index provides a measure of the performance of an agricultural system over time, in contrast to representation of its state or condition at any one particular time.
The aim of this study was to evaluate the maize cropping with performance based index using data set from a long-term experiment.
Material and Methods
For this study data were taken from different cropping systems of a long-term experiment "Plodoredi". This long-term experiment (LTE) has been carried out at the Rimski Šančevi Experimental Field of the Institute of Field and Vegetable Crops in Novi Sad, Serbia (45°19'N, 19°50'E, 84 m). The trial was established in 1946/47 in order to improve production and conservation properties of chernozem soil. In 1970 new crop rotation systems were introduced in order to examine their effect on the yield of most important crops in Vojvodina Province (Šeremešić 2005) . Attributes of the crop management are predefined, such as management practices and the geo-physical characteristics of the experiment and considered homogenous for study period, limited vertically by crop and the soil profile as defined by input data (Sands & Podmore 2000) .
For calculating the performance based index we used dataset from 2001 to 2010 year from the longterm experiment "Plodoredi". Regarding the year of the trial establishment, selected period in our study could encompass the cumulative effects of treatments on the performance based index. The study treatments were as follows:
1. 3-year crop rotation (maize-soybean-winter wheat), mineral fertilizer 120 kg N/ha + crop residues (D3); 2. 2-year crop rotation (maize-winter wheat), mineral fertilizer 120 kg N/ha + crop residues (D2); 3. maize continuous cropping, mineral fertilizer 120 kg N/ha + crop residues (MO); 4. 2-year rotation (maize-winter wheat), without fertilizers + crop residues (N2); 5. 3-year rotation (maize-soybean-winter wheat), without fertilizers + crop residues (N3).
The calculation of performance-based index is led by four basic steps: data grouping, calculation of averages, ranking and scoring treatments, and summing of scores within and across agroecosystem functions. First step contains group data within agroecosystem functions. The procedure is initiated by surveying the dataset for indicators that could be grouped within agroecosystem functions (Liebig et al. 2001) . Ecosystems services are benefits that people and other organisms obtain from ecosystems such as pollination, clean water and air, nutrient cycling scenic landscapes, wildlife habitat, biodiversity, etc. (De Groot et al. 2002) . For the purpose of this analysis, ecosystem services were grouped into 17 major categories. Indicators included in the procedure were categorized into four agroecosystem functions following general guidelines presented by Javazadeh et al. (2014) . The analysis considered the entire system, but we used the most relevant ones for our study: food production, raw material production, nutrient cycling, and greenhouse gas regulation. Within each agroecosystem, indicators were selected to characterize the performance of specific function (Liebig et al. 2001 ). The next step was calculation of treatments averages for each indicator. It is important to make a difference between indicators, because some of them are best evaluated over time, whereas the others are cumulative in their influence on agroecosystem functions, increasing or decreasing over time (Table 1) .
After calculation of averages for each indicator, it is necessary to rank and score treatments. According to Liebig (2001) , treatment values are ranked for each indicator in ascending or descending order, depending on whether a higher value for the indicators are good or bad. After the treatment values are ranked, they are scored based on their relative differences from the optimal value (Table 2). *Data for food production, stover yield and N content, and soil organic C ranked in descending order with the highest value given a score of 1.0. Lower values were scored by division with the highest value. £ Data for soil NO3 ranked in ascending order with the lowest value given a score of 1.0. Higher values were scored by dividing the lowest value by each higher value $ Soil pH scored using a threshold value of 7.0, dividing each lower value by the threshold, and dividing the threshold by each higher value. Maize cropping assessment by simple performance-based index Upon summing scores within agroecosystem functions, the remaining step was to sum scores across functions to get total score. Finally, obtained total score was divided with maximum score (8) to rank individual cropping system. According to Liebig and Varvel (2003) , the final score reflected a relative ranking of overall agroecosystem performance among treatments for functions included in procedure, scores were scaled to 100 to express them in simple context (Table 3 ). The regression analysis was conducted to detect the effect of indices on agroecosystem performance scores by using the program Statistica 12.6.
Results and Discussion
Comparison of individual treatments showed that the long term maize cropping resulted in differences in the agroecosystem performance. According to Liebig & Varvel (2003) , quantifying the effects of management practices on agroecosystem functions is necessary to evaluate the sustainability of cropping systems. Therefore, attained yield in the long-term trials could be a basis for calculating the adaptability of the particular cropping systems to the environmental conditions (Zorić et al. 2014) . For the fertilized treatments the overall agroecosystem performance score for fertilized maize 2-year rotation was 87.12, for fertilized 3-year rotation 84.37, and 71.00 for maize monocropping (Table 3) . The maize monocropping which resulted in higher sustainability compared with N2, N3, suggested that, in the period of 10 years, fertilization could be more important than crop rotation when overall maize performance is discussed. Higher score observed at the 2-year rotation can be explained with the frequency of maize in rotation as a crop that retrieves the higher crop biomass that is incorporated in the soil. In addition to that, it is commonly considered that winter wheat in a 2 -year rotation is a good preceding crop for maize.
In the earlier study inconsistent results were obtained. The simple regression analysis of the data set from the same experimental field indicated that 2-year and 3-year maize fertilized rotation was the most suitable for maize growing in our agroecological conditions. However, relative maize yield stability showed that the maize monocropping (r = 0.76) and a 2 -year rotation (r = 0.73) were the most dependent on availability of the environmental resources (P < 0.05) (Šeremešić et al. 2013) . Similar results were presented by Pepó (2009) , where the yield-increasing effect of maize rotation on yield was inversely proportional to the ratio of maize in the crop sequence. also reported that the legumes appeared to have strong effects on ecosystem functions that follow maize yield increase. Karlen et al. (1994) argued that cropping system diversification through the use of multispecies crop rotations can maintain soil fertility and productivity irrespective to fertilization. Therefore, it can be concluded that the rotation could exhibit positive effects on yield in a long term, whereas effects of the fertilization is ascribed to the synergistic interaction between nutrient and environment (Grover et al. 2009 ).
The unfertilized rotations were lower in the overall agroecosystem performance as a result of the small biomass production that in a long term is insufficient to compensate losses of soil organic matter and available nutrients (Šeremešić 2005) . In addition to that, poor soil fertility of N2 and N3 cropping systems caused slower plant vegetative growth and intensive weed infestation. As a result of weed cover and slowdown of the vegetative growth, soil physical properties were changed, particularly soil water regime. Similar to our study, aridity index calculation for maize at the same location revealed higher correlation between the climatic conditions and maize yield (Pejić et al. 2011) .
Based on the observed indices for all cropping systems, crop yield as well as raw material production has higher differences between minimum and maximum values, compared with the nutrient cycling and greenhouse gases regulation. According to Milošev et al. (2014) , a 3-year rotation of winter wheat from the same long-term experiment had higher performancebased index compared with other winter wheat cropping systems. This is in disagreement with the calculated indices for maize cropping where 2-year maize rotation showed higher agroecosystem performance score. Increased productivity of 3-year winter wheat cropping compared with other winter wheat system could be based upon a multi-cropping that in the long-term increases yields. Conversely in our study performance based index of 3-year rotation was lower than 2-year fertilized maize rotation. Maize cultivation for the study period 2001-2010 demonstrated that high yield and yield stability were not mutually exclusive. However, these findings can be detected only in the continual long-term experiments. Therefore, results suggested that in our agroecological conditions 3-year crop rotation with the following arrangement of crops: maize-soybean-winter wheat could be more beneficial for winter wheat compared to maize growing. Similar result was presented in Berzsenzyi et al. (2000) for long-term experiment in Martonvásár where rotation effect on maize yield is attributed to N effects of preceding crop.
Raw material (r = -0.92) and food production (r = -0.05) showed negative correlation with the agroecosystem performance (Table 3 ). Higher biomass (vegetative growth) usually requires more resources (water, nutrients and gasses) and conversion (recycling) of those inputs is uncertain each year. On the contrary, greenhouse gas regulation has positive effects on agroecosystem performance. Higher values for soil organic carbon represented reduced loss to the atmosphere while lower levels of early spring soil NO2 represented decreased potential for N2O emissions from denitrification.
In maize cropping, Liebig and Varvel (2003) found negative correlation between production and environmental protection related functions. Ma et al. (2012) study of maize production in the north-eastern China also concluded that soil organic carbon and total N declined from the initial level, and were key soil properties to improve maize yield and stability. In addition to that, it could be assumed that balanced cropping systems are those with the higher agroecosystems performance.
Conclusions
The agroecosystem performance index was a successful tool for comparison of the cropping systems. Long-term cropping has resulted with differences in soil organic carbon, soil pH and temporal soil NO3. However, appropriately managed agroecosystems were able to compensate the anthropogenic pressure and responded with resilience to the applied cropping technology over the years.
Accordingly, it was found that yield decline resulted mostly from poor adaptation to climate condition, and fertilization had the main effects on yield preservation. For the investigated period 2-year maize rotation was indicated as a cropping system with higher performance-based index. 
